Objective: To examine the influence of acute migraine medication adherence on migraine disability and acute medication satisfaction. Methods: Adults with migraine completed three months of daily electronic diaries assessing headache symptoms, acute medication taken, acute medication satisfaction, and daily migraine disability. Repeated measures mixed-effects models examined the effect of initial medication type [migraine-specific medication (MSM) vs. over-the-counter analgesic (OTC) vs. an opiate/barbiturate], the severity of pain at dosing, and their interaction with daily migraine disability and satisfaction with acute medication. Results: Participants (N ¼ 337; 92.5% female; 91.1% Caucasian, non-Hispanic; 84.0% with episodic migraine) recorded 29,722 diary days. Participants took acute medication on 96.5% of 8090 migraine days. MSM was most frequently taken first (58%), followed by OTC (29.9%) and an opiate/barbiturate (12.1%). Acute medication was most frequently taken when pain was mild (41.2%), followed by moderate (37.7%) and severe pain (11.4%). Initially dosing with MSM while pain was mild was associated with the lowest daily disability [medication Â pain at dosing F (4, 6336.12) ¼ 58.73, p < .001] and highest acute medication satisfaction [medication Â pain at dosing F (4, 3867.36) ¼ 24.00, p < .001]. Conclusion: Using an MSM (triptan or ergot) first was associated with the lowest migraine disability and highest acute medication satisfaction.
Introduction
Migraine is a prevalent chronic disease characterized by episodes of head pain and associated symptoms (including nausea and sensitivity to light and sound) (1, 2) . Migraine is the most disabling neurologic condition worldwide (3), affecting social, occupational, and emotional functioning. Migraine prevalence peaks during mid-life, which contributes to high rates of lost work productivity due to absenteeism (not coming to work) and presenteeism (reduced productivity while at work) (4, 5) .
Migraine is most often managed using acute medications, which are taken at the time of the migraine attack (6) to stop or alleviate symptoms. Acute medication is foundational to pharmacologic migraine management: 98% of people with migraine report using at least one type of acute medication to manage their attacks (6) . Recommendations for acute migraine medication adherence (7) (8) (9) include using a migraine-specific medication (MSM) first for migraines, taking the acute medication early in the migraine episode (while the pain is still mild), and limiting overuse of acute medication.
People with migraine struggle to adhere to these optimal acute migraine medication recommendations (10) . The patient burden for in-the-moment acute migraine medication use decision-making is high (11) . People with migraine describe numerous barriers to adhering to acute migraine medication recommendations (12) : differentiating between migraine and other forms of headache is difficult early in a migraine episode, acute medication may not be immediately available at the start of a migraine, and both role conflicts (for example, employee and mother) and social influences (such as the stigma associated with use of medication) may make adherence challenging.
The majority of these recommendations have emerged from a literature designed to demonstrate the efficacy of acute migraine medications in brief, tightly controlled studies designed to optimize pain freedom 2 hours after taking the acute medication. A naturalistic diary study could examine both within-and betweenperson variations in typical acute migraine medication use. Moreover, evaluating episode-driven migrainerelated disability and patient satisfaction with medication as outcome variables shifts the focus solely from pain reduction to improving the quality of life of the person with migraine, and valuing the personal experience of acutely managing migraine. To our knowledge, no naturalistic diary studies have examined the association between variations in typical acute migraine medication use and daily levels of migraine-related disability.
This study aims to examine how adhering to two key acute migraine medication recommendations, 1) medication choice: treating migraines with a migrainespecific medication and avoiding opiates and barbiturates, and 2) timing of dosing: taking the first dose of acute medication while the pain is still mild, influences daily fluctuations in migraine-related disability and satisfaction with acute medication in a naturalistic daily diary.
Methods Participants
Adults with migraine were recruited from three sources within Mercy Health, a large health system in the United States: a tertiary care headache center, a family medicine practice, and the health system's research database of people with migraine who were interested in participating in migraine-related research. Recruitment strategies included physician referral, flyers in waiting and examination rooms, and a letter sent to qualified individuals in the research database. Inclusion criteria were: 1) ! 18 years of age, 2) physician diagnosed (using International Classification of Headache Disorders-2 (ICHD-2) episodic or chronic migraine (13), 3) ! 4 headache days per month. Exclusion criteria were: 1) no migraine diagnosis, 2) < 4 headache days per month, 3) inability or unwillingness to complete daily electronic recordings. Recruitment was stratified by the number of headache days per month, with a target enrollment of 40% with 4-8 headache days per month, 40% with 9-15 headache days, and 20% with 15 or more headache days per month.
Procedures
Study nursing staff obtained a basic medical history and vital signs from interested participants. The principal investigator or qualified study clinicians screened interested participants and undertook informed consent with those meeting the inclusion criteria, and then instructed participants on how to use the electronic diary. Participants completed the electronic diary on a web-based portal with a response-driven branching logic questionnaire to minimize unnecessary queries.
Participants completed questionnaires evaluating demographics and migraine-related disability at baseline. For three months, participants then completed daily electronic diary entries about their headache symptoms, the medication taken, the satisfaction with said medication, and migraine-related disability for that day. The time required for completing the relevant diary questions ranged from a matter of seconds, on days where the individual did not have a headache, to < 5 minutes on days where multiple medications were taken for their headache. Participants were compensated with $1 per completed diary. The Mercy Health Institutional Review Board approved the study protocol.
Measures
Baseline questionnaires. Demographics: participants reported their age, gender, race/ethnicity, employment status, education, and household income. Certain responses were condensed due to the sampling distribution; race/ethnicity (Caucasian, Non-Hispanic vs. Other), employment status (currently employed vs. not currently employed), education (college degree vs. no college degree), and household income (!$50,000/ year vs. <$50,000/year).
Disability: participants completed the original (90day) version of the Migraine Disability Assessment Scale (MIDAS), a five-item measure of headacherelated role interference in the following three domains: work/school, household work, and family/ social/leisure activities. Higher scores indicate higher levels of disability. The MIDAS has demonstrated good internal consistency (Cronbach's alpha ¼ .83), test-retest reliability (Pearson's r ¼ .80) (14) , and it has been consistently associated with higher headache diary scores (15, 16) .
Electronic diary. Participants who took preventive medication indicated whether they took their preventive medication each day. All participants indicated whether they experienced a headache on each diary day. On headache days, participants provided the following:
Headache diagnosis. Participants reported the headache duration, the severity at its worst (mild, moderate severe), pain quality, pain location, and the presence of migraine-associated symptoms: nausea, vomiting, photophobia, and phonophobia. ICHD-2 criteria were used to categorize each headache (13). Headache day diagnosis was categorized as ''migraine,'' ''probable migraine,'' ''presumed migraine treated with MSM,'' ''tension-type headache,'' and ''other headache''. For the purpose of analyses, migraine, probable migraine, and presumed migraine were all considered ''migraine days''. Only migraine days were examined for the remainder of the analyses. Participants were classified as having ''chronic migraine'' if they met migraine criteria and reported 15 or more headache days during the first month of monitoring. Participants were classified as having medication overuse if they reported both behavioral medication overuse (MSM days/month ! 10; Non-Steroidal Anti-Inflammatory (NSAID) days/month ! 15; opiate or barbiturate days/month ! 10) and 15 or more headache days/month. Medication type. Participants recorded each type of acute medication taken on each headache day. For the purpose of these analyses, only the first medication recorded was examined. Medications were categorized as ''None'' if no medication was recorded, ''MSM'' for triptans and ergot derivatives, ''Over the Counter (OTC)'' for non-prescription medications, and ''Opiate/ Barbiturate'' for opioid and barbiturate medications.
Pain at dosing. For each medication, participants recorded head pain severity at first medication dosing, with three response options: ''Mild,'' ''Moderate,'' and ''Severe.'' Medication use. We characterized medication use as: ''MSM,'' ''OTC,'' and ''Opiate/Barbiturate''. When an MSM was the first medication used, the medication was coded as ''MSM.'' Participants that met criteria for migraine, probable migraine, or used MSM for presumed migraine but used an OTC medication first were categorized as ''OTC''. Similarly, participants who met criteria for migraine, probable migraine, or used MSM for presumed migraine but used an opiate or barbiturate first were categorized as ''Opiate/ Barbiturate''.
Satisfaction with medication. Participants recorded their satisfaction with the first medication taken on each headache day on an 11-point Likert-type scale, ranging from 0 ''None'' to 10 ''Total Satisfaction''.
Daily disability. On each headache day, participants completed the Migraine Disability Index (MIDI) (17) . The MIDI is a four-item scale that assesses the degree to which a headache episode interferes with role functioning in four domains: family/home, recreation, social, and occupational. Participants respond on an 11-point Likert-type scale assessing the degree of headache-related interference, ranging from 0 ''not at all'' to 10 ''totally''. Participants only responded to role functioning that would have occurred on that day (for example, it was not possible to have occupational impairment on non-work days). The MIDI total score is an average of scored items; higher scores indicated higher levels of disability. The MIDI has demonstrated good internal consistency (Cronbach's alpha ¼ .89) and test-retest reliability (Intraclass Correlation Coefficient ¼ 0.88; 95% CI ¼ .85 -.91) across severity and symptom-matched migraines.
Analyses
Descriptive analyses characterized participants on demographics and diary entries for the number of headache days, headache diagnoses, types of medication used, satisfaction with acute medication, and migraine-related disability. Repeated measures mixed effects models were used to examine whether MIDI scores and satisfaction with acute headache medication varied by each demographic variable, to determine whether these variables should be controlled in the final models. Repeated measures mixed effects models were used to examine the effect of head pain severity at first medication dose, the type of medication used, and their interaction on the MIDI and patient satisfaction with the first acute headache medication. Only diary days on which participants reported taking at least one medication for the current headache were included in the analysis. MIDI and patient satisfaction served as outcome variables in two separate analyses. Fixed effects included pain at dosing, medication use, their interaction, and the diary day, to account for potential changes in the outcome variables over time due to monitoring or treatment. Random effects included the intercept and use of medication, accounting for personlevel variance in the intercept and medication use (which, due to the coding of the variable, included variance in headache diagnosis). Identity matrices were associated with the lowest Aikike's Information Criteria, and were therefore used to model the random effects. The diary day served as the repeated effect. A first-order autoregressive matrix was associated with the lowest Aikike's Information Criterion, and was therefore used to model the repeated effect. Post-hoc subgroup analyses evaluated repeated measures mixed effects models separately in people with chronic vs. episodic migraine, and in people who took preventive medication vs. people who did not take preventive medication. Alpha was set at .05, two-tailed, for all analyses. Multiple comparisons were accounted for by a Bonferroni correction for post-hoc tests for mixed models analyses. SPSS version 21 was used for all analyses.
Results

Participant descriptive statistics
Three hundred and seventy participants consented to participate in the study; 337 recorded at least one migraine day in the daily headache diary (including days when the participant met the criteria for migraine, probable migraine, or used MSM) and were included in these analyses. Descriptive statistics for person-level variables are presented in Table 1 . Participants were predominantly female (92.5%) and Caucasian, non-Hispanic (91.1%), with a mean age of 41.72 (SD ¼ 11.27). No demographic variable was significantly associated with the MIDI (ps > .40) or satisfaction with acute medication (ps > .08), therefore the following mixed effect models were not controlled for any demographic variable.
Fifty-four participants (16.0%) met the criteria for chronic migraine ( (Table 2) . Thus, according to the criteria set by this study that days meeting full criteria for migraine, probable migraine, and presumed migraine would be considered ''migraine days'', participants recorded a total of 8090 migraine days, representing 80.0% of all headache days recorded. Participants recorded taking an acute headache medication on a total of 7803 migraine days, representing 96.5% of the migraine days recorded; use of no acute medication was recorded on only 3.5% (n ¼ 287) of migraine days. A triptan or ergot derivative was taken first on 58.0% of migraine days for which an acute medication was recorded; on 29.9% of these days an OTC medication was taken first, and on 12.1% of these days an opiate or barbiturate was taken first (Table 3 ). Although an opiate or barbiturate was taken first for a minority of migraine days, the majority of participants (n ¼ 218, 64.7%) used an opiate or barbiturate at least once during the study. Participants who used an opiate or barbiturate at least once were more likely to have chronic migraine (21.1%) and higher migraine-related disability (M MIDAS ¼ 21.63, SD ¼ 22.04) than those who never used an opiate or barbiturate (chronic migraine ¼ 6.7%; M MIDAS ¼ 15.30, SD -11.31).
On 7046 (90.3%) of migraine days on which participants reported taking an acute headache medication, pain severity at the first dose of medication taken was recorded. Of those days, pain was mild on 41.2% of the days, moderate on 37.7% of the days, and severe on 11.4% of the days (Table 3 ).
Mixed effect models for repeated measures
Daily headache-related disability. Pain at dosing, F (2, 6460.78) ¼ 1118.88, p < .001, medication, F (2, 519.63) ¼ 93.78, p < .001, and their interaction, F (4, 6336.12) ¼ 58.73, p < .001, were significantly associated with the MIDI. The diary day fixed effect was not significant, F (1, 4000.88) ¼ 0.66, p ¼ .416, indicating that monitoring over time did not significantly influence the MIDI.
Overall, initially dosing with acute headache medication when the pain was mild was associated with lower daily disability than when the pain was moderate or severe; initially dosing when the pain was moderate was also associated with lower daily disability than when the pain was severe (Table 4 ). Overall, initially dosing with an MSM was associated with lower daily disability than an OTC or opiate/barbiturate; initially dosing with an OTC was associated with lower disability than an opiate/barbiturate ( Table 4 ).
The interaction between pain at initial dosing and medication is depicted in Figure 1 . When the pain was mild or moderate, initially dosing with an MSM was associated with lower daily disability than either an OTC or opiate/barbiturate, and initially dosing with an OTC was also associated with lower daily disability than initially dosing with an opiate/barbiturate ( Figure 1 , Table 4 ). However, no significant differences in daily disability were detected between initially dosing with an MSM, OTC or opiate/barbiturate when the pain was severe ( Figure 1 , Table 4 ). For all types of medication, initially dosing when the pain was mild was associated with lower daily disability than when the pain was moderate or severe, and initially dosing when the pain was moderate was associated with lower disability than when the pain was severe (Figure 1 , Table 4 ).
Post-hoc subgroup analyses revealed results were broadly comparable among people with episodic and chronic migraine. Among those with chronic migraine, MIDI scores slightly increased over time, t (670.49) ¼ .006, p < .001, whereas for people with episodic migraine, MIDI scores slightly decreased over time, t (3177.79) ¼ À.002, p ¼ .013. For chronic migraine, when the pain was moderate, initially dosing with an MSM was no longer significantly associated with lower disability than an OTC (estimate ¼ À0.25, 95% CI ¼ À0.70, 0.19).
Post-hoc subgroup analyses revealed that the results were broadly comparable among people with and without preventive medication. Among people taking no satisfaction with acute medication. The diary day fixed effect was not significant, F (1, 1842.59) ¼ 3.56, p ¼ .059, but did approach significance; the estimate indicates that there was a small, non-significant increase in satisfaction with acute medication over the course of the study (estimate ¼ 0.003, 95% CI ¼ À0.0001, 0.006); inclusion of this effect in the model described above adjusted for this small, non-significant time-related increase. Overall, initially dosing when the pain was mild was associated with higher satisfaction with the medication than initially dosing when the pain was moderate or severe; initially dosing when the pain was moderate was also associated with higher satisfaction than initially dosing when pain was severe (Table 4 ). Overall, initially dosing with an MSM was associated with higher satisfaction than initially dosing with an OTC or opiate/barbiturate; no difference in satisfaction was reported between initially dosing with an OTC or an opiate/barbiturate ( Table 4 ).
The interaction between pain at dosing and medication is depicted in Figure 2 . Initially dosing with an MSM when the pain was mild or moderate was associated with higher satisfaction than an OTC or opiate/ barbiturate when the pain was mild or moderate; no difference in satisfaction was detected between an OTC or opiate/barbiturate when the pain was mild or moderate ( Figure 2 , Table 4 ). Initially dosing with an MSM when the pain was severe was associated with higher satisfaction than initially dosing with an OTC; no difference in satisfaction was detected between initially dosing with an MSM or opiate/barbiturate when the pain was severe. For MSM and OTC, initially dosing when the pain was mild was associated with higher satisfaction than initially dosing when the pain was moderate or severe; similarly, initially dosing with an MSM or OTC when the pain was moderate was associated with higher satisfaction than initially dosing with an MSM or OTC when the pain was severe (Figure 2 , Table 4 ). Initially dosing with an opiate/barbiturate when the pain was severe was associated with lower satisfaction than initially dosing with an opiate/barbiturate when the pain was mild or moderate; no difference in satisfaction was detected between an opiate/barbiturate when the pain was mild or moderate ( Figure 2 , Table 4 ).
Post-hoc subgroup analyses found comparable results among people with chronic and episodic migraine, and among people with no preventive medication and those with preventive medication.
Discussion
Overall, this naturalistic daily electronic diary study found that adhering to current acute migraine medication recommendations was associated with lower daily disability and higher patient satisfaction with acute migraine medication. Initially dosing with an MSM while the pain was mild was associated with lower daily disability and higher patient satisfaction compared to other medication-taking strategies, implying that this approach may be the optimal acute medication-taking strategy. Overall, using an MSM (triptan or ergot) first was associated with notably lower migrainerelated disability on that day, and higher satisfaction with the medication, than using either OTC or opiate/ barbiturate class medications. Further, for all medication types, initially dosing when the pain was mild was associated with the lowest reported disability and the highest reported patient satisfaction.
These data suggest that timing of acute medication use is critical to reducing daily migraine disability and increasing satisfaction with acute medication, across the variety of acute medication types observed in this study. The type of medication used initially to treat any given migraine attack may be driven by medicationrelated factors (MSM may be contraindicated, MSM may have previously failed, and there may be formulary restrictions for MSM) and patient factors (not having an MSM on hand, not recognizing the episode as a migraine, preferring other medication types, wanting to save the MSM for a ''bad'' headache, and frequent migraines leading to concerns about medication overuse). In this study, initially dosing with any medication type while the pain was mild was associated with lower daily migraine disability and higher patient satisfaction with treatment than initially dosing while the pain was severe.
These data also suggest that the relative benefit of choosing one type of acute migraine medication over another may depend on the severity of the pain at the time of initial dosing, at least for outcomes of daily migraine-related disability and satisfaction with acute medication. If initially dosing when the pain is mild or moderate, taking an MSM was associated with lower disability than OTCs, and both MSMs and OTCs were associated with lower disability than opiates/barbiturates. This difference was most pronounced when the acute medication was taken while the pain was still mild. However, the relative benefit of using an MSM or OTC rather than an opiate/barbiturate disappeared if the participants initially dosed when the pain was severe. These data indicate the combination of initially dosing with an MSM and doing so while the pain is still mild, is associated with the lowest reported daily migraine-related disability and the highest satisfaction with acute medication in this naturalistic examination of people with migraine.
Acute medication-taking strategies varied widely across participants. These results provide continuing evidence that assessing how people with migraine take acute medications is a key aspect of clinical care and clinical research. Further, participants in this study reported many migraine days with poor adherence to current acute migraine medication recommendations. This emphasizes the need for interventions to improve patient adherence to physician recommendations for use of acute medication. Optimal migraine management places a significant burden on the patient, and requires in-the-moment decision-making about the type and timing of acute medication dosing for each migraine episode. Although patients describe numerous barriers to performing these recommendations (12) , this study suggests that adhering to these recommendations is associated with the lowest migraine-related disability and highest patient satisfaction in a naturalistic setting. This data aligns with previous research that suggests adherence to these recommendations is associated with better clinical outcomes (e.g., pain freedom at 2 hours) (18) (19) (20) (21) and potentially reduces chronification (22, 23) .
This study has a number of strengths. Data were naturalistic, allowing us to evaluate typical day-to-day variations in acute medication-taking behavior, migraine-related disability and satisfaction with acute medication. Participants represented a broad sample of people with migraine and were recruited across both specialty and primary care settings in a large health system in the United States. Data collection was intensive and specific to the stated purpose of this study; on each headache day, participants reported migrainerelated disability, acute medication use, and satisfaction with acute medication. This resulted in a large number of longitudinal observations, both within and between participants, designed specifically to answer questions about acute migraine medication adherence and relationships with daily variations in migraine disability and patient satisfaction (rather than a secondary analysis of a study primarily designed to answer questions about the efficacy of acute medication). Thus, the results reflected the intra-person, as well as inter-person, variation in medication-taking patterns, daily migraine-related disability and satisfaction with the use of acute medication over the course of three months. Repeated measures mixed effects models allowed us to take into account person-level variance in the intercept and medication use and any changes in the outcome variable across time due to monitoring or treatment.
On the other hand, naturalistic data limits the causal interpretation of findings. The higher satisfaction with acute medication observed on days when participants reported initially dosing with an MSM may occur simply because people who respond best to MSMs tend to take them first. Similarly, the higher migrainerelated disability observed on days when participants reported taking opiates or barbiturates first may simply be because people who take opiates or barbiturates have more severe (and therefore more disabling) migraine than people who do not take these classes of medications. Although people who used an opiate or barbiturate at least once over the course of the study were in the majority, they were more likely to have chronic migraine and report higher migraine-related disability; thus, these patients may differ qualitatively compared to patients who never used an opiate or barbiturate. These results may not be generalizable to people with migraine where acute medication use requires restraint, such as medication overuse headache, formulary restrictions, or significant medication side effects. In these cases, the use of a more nuanced and stratified acute treatment paradigm according to attack severity would be a key component of a more comprehensive treatment plan (24) . Further, participants in this study had headache for over two decades on average; these results may not generalize to patients who are newly prescribed acute migraine medications.
Patient adherence is a prerequisite to attaining clinical response to acute migraine medication and to properly gauging therapeutic responsiveness. It is therefore of critical importance to 1) empirically examine factors associated with each aspect of patient adherence to acute migraine medications, 2) develop and test behavior change interventions to improve patient adherence to acute migraine medications, and 3) disseminate these interventions into practices that prescribe acute migraine medications.
Clinical implications
. All types of medication were associated with the lowest reported disability and the highest reported patient satisfaction if taken while head pain was still mild. . Initially dosing with an MSM (triptan or ergot) was associated with lower migraine-related disability on that day, and higher satisfaction with acute medication, than initially using either an OTC or opiate/barbiturate. . Clinicians should routinely assess how patients are taking acute medications for migraine, and directly address suboptimal adherence when it arises in clinical practice.
